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Numerical prediction methods play an important role in the analysis and design of 
practical devices involving heat transfer. The methods, when embodied in suitable 
computer programs, represent a speedy and economical alternative to experimental 
measurement. The computational analysis can incorporate the actual details of the 
geometry, material properties, and boundary conditions. They produce complete and 
detailed information about the temperature field and associated heat fluxes. 
The purpose of this work is to apply a numerical method to steady heat conduction 
with a source in a steel rod of somewhat complicated geometry that plays an important 
role in determining accuracy of calibration of a novel self calibrating gamma 
thermometer (SCGT) used in an axial power monitor for nuclear reactors. Because of 
the complicated geometry involved an analytical solution is not possible. 
Two methods using iteration will be discussed in this work : 1) the line by line 
method, and 2) a numerical method developed by S. Patankar ( 1 ),(2). Another method 
using the Gauss-Jordan algorithm was attempted, but this method could only be applied 
to the simplest of problems. 
Although the temperature field in the SCGT is three - dimensional, due to axial 
1 
symmetry the temperature depends on axial position and radial position only, so that the 
temperature field can be treated as two - dimensional. We first consider one case with 
given boundary temperatures. Next, we examine several cases with boundary heat 
fluxes, similar to those in the SCGT, which will be dealt with in this project. In 
Chapter 2, we present the numerical methods that were developed and in Chapter 3, we 
apply these techniques to illustrative examples. The application of Patankar's method to 
the SCGT problem is discussed in Chapter 4. Chapter 5, is devoted to the conclusion. 
CHAPTER 2 
NUMERICAL FORMULATION 
Before we embark on the formulation of the numerical method for general two- 
dimensional situations, it will be useful to study the solution of one-dimensional heat 
conduction problem. Here the physical picture is simple and the mathematical 
complication is minimal. Therefore, many ideas can be easily learned in the 
one-dimensional context. 
Later, we shall extend the technique to general two-dimensional problems. 
A. Concept of Numerical Solutions 
In steady state , one - dimensional heat conduction, the temperature T depends only 
on the coordinate x. The differential equation for this situation is 
where k is the thermal conductivity, p the density and s is the source term, i.e. the rate 
of heat generation per unit mass of the conducting material. Initially, we shall assume k 





of locations along the x direction and seek the values of the temperature at those points, 
called "grid points". Figure 1 shows a set of uniformly spaced grid points denoted by the 
sequence numbers i-1, i, i+1, etc. The distance between two adjacent grid points is Ax. 
The objective of the numerical method is to obtain the values of temperatures at these 
grid points. Let T be the value of the value of the numerical solution at the i-th point, 
i.e., x=(A)i, where i is an integer. 
i- 1/2 i + 1/2 
1 
-o -o——o- 
i + 1 
■<— Ax ——Ax —>■ 
Figure 1. One- Dimensional Uniform Grid 
The discrete values of (T,,T2, T3,. .. ) are determined from algebraic equations, which 
are derived from the differential equation (1) by discretization. A two-dimensional grid 
is shown in Fig. 2. For the grid point P, points E and W are its x-direction neighbors, 
while N and S are the y-direction neighbors. The control volume around P is shown by 





Figure 2. Two Dimensional Grid 
An analytical solution of equation ( 1 ) consists of an expression for T in terms of x. A 
numerical solution is given by the set of T, 's. The discrete values of T,_, Tp TM, etc. are 
governed by algebraic equations, resulting from the discretization of equation ( 1 ). How 
we derive the discretization equations will be discussed in the next section. 
When only a small number of grid points are used to discretize the calculation 
domain, the discretization equations represents an approximation to the differential 
equation. The resulting numerical solution would normally not coincide with the exact 
solution of the differential equation. However, as we increase the number of grid points, 
the numerical solution becomes more accurate and approaches the exact solution. For 
many problems, even a modest number of grid points can lead to solutions that are 
sufficiently accurate for practical purposes. This will be demonstrated in the illustrative 
examples. 
B. Derivation of Discretization Equation 
i. Approximation of the derivatives 
Since the differential equation contains derivatives, we can obtain the discretization 
equation by replacing the derivatives by a suitable approximation. Equation ( 1) can be 
approximated with reference to Fig . 1 as 
£(*f) = (2) 
Further, the derivative (dT/dx) at location i+1/2 and i-1/2 can be written in terms of 




Substitution of these relationships into equation ( 1 ) leads to 
”7IT /+! + T-i — -T /] +5p - 0 . (5) 
Equation (5) is an algebraic counterpart of the differential equation (1). If we have an 
equation like (5) for every grid point in the domain, we can obtain a numerical solution 
for the temperature T by solving this set of algebraic equations, 
n. Tavlor-serics formulation 
There is a more formal procedure to arrive at equation (5). If we expand the 
temperature T in Taylor series, we can write 
(6) 
Similarly,r,_i can be expressed as 
(7) 





+ 0[(^)2]. (8) 
This is the same approximation as we obtained earlier by combining equations ( 1 )- (4). 
Therefore we can again obtain the discretization equation (5) by substituting equation (8) 
into equation ( 1 ) ( 1 ). 
Hi. Control Volume Method 
The region bounded by the locations i-1/2 and i+1/2 (shown in Fig. 1) is a small part 
of the total one - dimensional domain considered. Such a region is known as a 
subdomain, a finite volume, or a control volume. It is possible to derive a discretization 
equation by satisfying the heat balance over a control volume. In other words we 
integrate the differential equation ( 1 ) over the control volume and then express the result 
as an algebraic equation. Integration of equation ( 1 ) with respect to x between the limits 
of i-1/2 and i+1/2 leads to 
(*jf) -(*7r) +'Wv) = 0 (9) v y i+1/2 v y i-1/2 
Since (-k dT/dx) represents the local heat flux, equation 9 is a balance between the heat 
flow rates at the two faces of the control volume and amount of heat generation within 
the control volume. 
To express the temperature gradient dT/dx in equation 9 in an algebraic form, we 
shall make a "profile assumption", that is, assume how T varies with x between the grid 
points. Figure 3 shows a simple profile assumption, known as a piecewise-1 inear profile, 
in which the temperature T is taken to be linear with x between two neighboring grid 8 
8 
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Figure 3. Piecewise-Linear Profile for Temperature 
When we substitute these expressions into equation (9) we get 
^[T i+i + Ti-x-lT i]+s(Ax) = 0. (12) 




Here we made no approximation in obtaining the heat balance equation (9) for the 
control volume (2). In other words, equation (9) is as exact as equation (1). The profile 
assumption, however, is an approximation, which improves as we increase the number of 
grid points. 
C. Boundary Conditions 
Three kinds of boundary conditions are encountered in heat conduction. They are 
1 ) given boundary temperatures 
2) given boundary heat flux 
3) boundary heat flux specified via a heat convection coefficient and the temperature 
of the surrounding fluid. 
When the boundary temperature is given no problem arises, and no additional 
equation is needed; but when the boundary temperature is not given, we need an 
additional equation for T1V This is done by integrating the differential equation over the 
"half' control volume shown adjacent to the boundary, as seen Fig.4. 
Figure 4. Half Control Volume near Left Boundary 
Integrating equation ( 1 ) over this control volume and noting ( 1 ) that the heat flux q 
stands for -kdT/dx, we get 
qn-qt + ps Ax = 0 (14) 
CHAPTER 3 
ILLUSTRATIVE EXAMPLES 
A. Steady one- dimensional heat conduction with heat source 
w E 
o o o 
Figure 5. Control Volume for One - Dimensional Heat Conduction 
The following equation describes the heat balance between E and W. 
k 
E 
+ .spAv = 0 (15) 





-) +spAx =0 (16) 
which can also be written as 
A pi p — ApTE + A ivTiv + b. (17) 
10 
A E = A w = , (17b) 
A - 2k 
A
P~— ’ 
b = ,vpA.t . 
(17c) 
(17d) 
For n = 4(Ax = we can obtain the temperatures T, ,T2, T3 , T4 from the following 
equations which can be denved from equation (17a). Normalized temperatures for this 
case are shown in Table 1. 
which implies 
Thus, 
=hO' o + T2) + spAx (18a) 
2 T\ = TO + T2+^, 




27A = l'i + TA + 
vpAxr' 
TA = 27’ 3 - T2 
s pAr • 
= 3T2-2T\ -3^3[2r, -To 
5 (18d) 
.1 pAr 2 A t pA> 
* J /2 4- (18e) 
spAr2 A - „ ,, jpAr2 
k ) 2r> J * ’ (180 
. s pAr2 
> * • (18g) TA - To = 4(7, - To) - 6 
T, - T0 can be obtained from the boundary condition at the left end of the bar. The 
boundary conditions in example 1 are (7)^, = To and I j = 0. 
V * y r=/ 
12 
Also the total heat generation in the rod must flow out at the left boundary (x=0). 
This implies that k\ JT_ d x 
r=0 
= A’Pl or 
r'-7-° = lf 
(19) 
(20) 
T 7_ ps / 2 6ps/ 2 _ 10ps/ 2 
/ 4 - / 0 - — |6* _ 16* ’ 
Ty = 2T 2 - r, - = l{l.T , - 7o - ^p) ~T\ - sl 2p 16* 






r3 - To = 3(F, - To) - 3-^p 
3s/ 2p 3s/ 2p   9s 2p 
~4* 16* ~ 16* ' 
(21d) 
T2 = IT , - To - 
sl 2p 
16* (21 e) 
and 
7’2-r0 = 2(r1-7o)-^ 
7s/ 2F 
16* 





^(r,-ru) = i = (21 g) 
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The above normalized temperatures are also presented in the Table 1 
Table 1. Normalized Temperature for n=4 
i = 1 2 4 
2A IT-To) 
si2 p 8/16 14/16 18/16 20/16 
Similarly the following set of algebraic equations is obtained for n=8 = j- 
2 T\ = To + T2 + 
ip\X- 
27’: = T\ +Ti + 





27’4 = 7’j + Ts + 
ipdr2 
k ’ (22d) 
27’j = T* + T(,+ 
spAr2 
k ’ (22e) 
27-6 = 7’5 + T7 + 
spAr’ 
A- ’ (22 f) 





r8 = 2Ti - r6 - = 2(2^ - T5 - - n - ^ 
= 3T(,-Ts- = 3(2^5 - r4 - - 37T - 6^, 
= 4T5 - 3T4 - 6^ = 4(2r4 - Ty - - 3T4 - 6^, 
= 574 - 473 - 10^ = 5(21\ - T2 - -47', - 10^-, 
= 67’,-5r2- 15
££^ = 6(27':-7’I -573- 15^ 
= 1T2-6T\ -21^ = 7(27', -To-*-—) -6T\ -21^, 
7-8 = 87’, - To - 28 
spAv - 
5pAv - 
(7’ 8-ro) = 8(r,-r0)-28^ 
The boundary condition is as follows: 
= **. 
Tl -TT Sp/ 
/l "7o = lT’ 
^>-^>=64. 




temperatures at all grid points are presented in Table 2. 
Table 2. Normalized Temperatures for n=8 
h 
1 2 3 4 5 6 7 8 
Ilk (T,-T«) 
I j/2p 16/64 30/64 42/64 52/64. 60/64 66/64 70/64 72/64 
Now that we have obtained two numerical solutions, it will be interesting to examine 
their accuracy with reference to the exact solution. Equation (1) can be solved for 
constant k and s and for the given boundary conditions to obtain 
T- To = 'P'
2 f 2x 
2k V / (23) 
T-To _2x x2 
Trmx.—To l /2 
(24) 
From equation (23) we obtain the exact values of T for x//=0.25, 0.5,0.75 and 1. These 
temperature correspond to T\, Ti, TA, TA for n=4 and to Tz, TA, Te, for n=8. These 
values are shown in Table 3 which demonstrates that a numerical solution obtained with 
only a small number of grid points has some error with reference to the exact solution, it 
is also seen that as we increase the number of grid points, the error diminishes. After a 
certain stage, the error will be so small that any further increase in the number of grid 
points will not noticeably alter the solution. In this condition, the numerical solution can 
be regarded as the exact solution for all practical purposes. For many problems for 
16 
which exact analytical solutions may not be available, we can treat the numerical 
solution as sufficiently accurate when a further increase in the number of grid points does 
not alter the solution (3). 
17 
Table 3. Comparison of Normalized Temperatures for n=4 and n=8 with the Exact 
Solution 
2k (T,-To) , 
sl2p 
X/L 0.25 0.5 0.75 1 
n=4 ( i=l,3,5,7) 0.5 0.875 1.125 1.25 
n=8 (i=2,4,6,8) 0.468 0.813 1.031 1.125 
exact solution 0.438 0.75 0.038 1 
18 
Example 2: Steady two-dimensional heat conduction with heat source 
Figure 6 Steady two-dimensional heat conduction with heat source 
The heat conduction equation may be written as 
±{-kBdy^) dx + £ (~kwdx£) dy = spBdxdy 
(S + 0)+T = O- 
(25) 
(26) 
where k is the conductivity, p is the density and s is the heat source per unit mass. The 
discretization equation is 









t i/ Hj,+<c -H, ' .U'-II + /-».yAy^P 
2(l+XJ) 2(x2 + l)/X2 2(I+A.2)A 
With « = = ‘y where n is the number of grid points along the length and the height ot 
the block (i =0,1,2...n; j=0, l...n) it follows that (1) 
t,J = (/+!) +/(<-!V'] + ^ '(/+1)+ ''V-1)] + 2>i 2(1+X2)*' 
CHAPTER 4 
APPLICATION TO THE SELF CALIBRATING GAMMA THERMOMETER 
So far, we have developed numerical techniques which shows how differential 
equations can be transformed into algebraic equations. In section III we applied these 
techniques to two illustrative examples. The first example was a one - dimensional 
steady heat conduction problem and the other was a two - dimensional steady heat 
conduction problem. Now we will apply this scheme to the Self Calibrating Gamma 
Thermometer problem. The program that we will be using was developed by Patankar. 
The details of this program are in the appendix . 
A. Four Specific Cases Under Consideration 
The following cases were selected for investigation: ( the illustrations for these cases 
are on pages 23 -29.): 
Case: 1. A square plate (W=L), was given with a uniform temperature at the 
boundaries and a uniform heat source distribution in the plate, as 
illustrated on page 23 
Case: 2. A rectangular slab with width-to-length ratio of W/L = 1/2 was assumed. 
In this case, we considered two conditions: In Case 2a, the top , bottom 
and right sides are insulated. The heat source distribution in the slab and 
the heat flux at the left boundary are both uniform, (see illustration on 
page 24) InCase 2b, the top and right sides are insulated. While uniform 
heat flux enters the slab at the bottom boundary. There is no heat source 
and heat flux at the left boundary is uniform. (See illustration on page 25) 
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Case: 3. A rectangular slab with width-to-length ratio of W/L = 1/4 was assumed. 
In this case, three different conditions were assumed. In Case 3a., the top, 
bottom and right sides are insulated, while the heat source distribution in 
the slab is uniform. The heat flux at the left boundary is also uniform. 
(see Figure 10 on page 26) In Case 3b, the top, and right sides are 
insulated. A uniform heat flux enters the slab at the bottom boundary. 
There is no heat source in the slab, (see Figure 1  on page 26) 
A uniform heat flux at the left boundary is observed. In Case 3c, the top 
and right sides are insulated. Uniform heat flux enters the slab at the 
bottom boundary. There is no heat source in the slab, and there is a non - 
uniform heat flux at the left boundary, (see Figure 12 on page 27) 
Case: 4. A rectangular slab with width-to-length ratio of W/L = 1/8 was assumed. 
four different conditions are assumed. In Case 4a, the top, bottom and 
right sides are insulated. There is a uniform heat source distribution in 
the slab. The heat flux at the left boundary is uniform, (see Figure 
13 on page 28) In case 4b, the top, bottom and right sides are insulated. 
There is uniform heat source distribution in the slab. The heat flux at the 
left boundary is non-uniform. In Case 4c, the top and right sides are 
insulated. A uniform heat flux enters the slab at the bottom 
boundary. No heat source is given in the slab. A uniform heat flux 
leaves the slab at the left boundary, (see Figure 15 on page 29) In Case 
4d, the top and right sides are insulated. A uniform heat flux enters the 
slab at the bottom boundary. No heat source is given in this situation. A 
non-uniform heat flux leaves the left boundary (see Figure 14 on page 28) 
Note: 4a and 4b differ only by the heat flux at the left boundary. 
B. Results and Discussion 
The normalized temperature fields are presented in Figures 7-16 (pages 23-29). The 
isotherms were obtained by interpolation of calculated temperatures at the grid points. 
The shape of isotherms depends on the Length -to-width ratio L/W, as well as on 
boundary conditions. Due to symmetrical boundary conditions in Case 1, the isotherms 
are, as expected, symmetrical closed loops (Figure 7, see page 23) When three sides (top, 
right and bottom) of a slab are insulated and the heat flux at the remaining side (left) is 
uniform (cases 2a, 3a and 4a) the heat conduction in it is one-dimensional, as expected. 
These conditions give rise to isotherms that are straight lines perpendicular to the axis of 
the slab (Figures 8, 10, 13). When the heat flux at the left boundary is non-uniform, other 
conditions remaining the same, the isotherms near the left boundary' are no longer 
straight lines (case 4b). However the effects of the change in boundary condition for the 
chosen geometries (W/L=l/2, 1/4, and 1/8) are not appreciable near the far end (right) of 
the slab. For W/L=8, there is no change in the isotherms beyond X/L = 0.3. (Figure 14). 
When there is heat flux into the slab through the bottom, the top and right sides 
remaining insulated, (cases 2b, 3b, 3c, 4c and 4d), the isotherms as expected, are all 
curved (Figures 9, 11, 12, 15, 16). Here again, the effects of any change in the heat flux 
distribution at the left boundary are not appreciable beyond X/L= 0.4 for H/L=l/4 and 
1/8, (compare Figures 11 with 12, and compare Figures 15, with 16). Another interesting 
feature of the temperature fields is that the mean temperatures at all cross 
11 
sections are practically the same as for one-dimensional heat conduction with uniform 
heat source distribution. This is clearly seen from Table 4 (see page 30) which shows a 
comparison of the mean temperature variation along the slab for the different 
width-to-length ratios (W/L) in case of heat flux through the bottom. This confirms the 
validity of the assumption made by Talukder (4) in estimating the temperature difference 
between the two ends of the hot zone of the SCGT. In this regard the most important 
piece of information that can be extracted from the results obtained is that the maximum 
normalized temperature, which is at the right bottom comer of each slab, is only 1% 
above the normalized mean temperature at the right end for W/L=l/8, compared to 4% 
for H/L= 1/4 or even 17% for W/L= 1/2 as shown in Table 4. This implies that for a 
length-to-width ratio of 8:1 which corresponds to the dimensions of the hot zone of the 
SCGT (midpoint to one end). The maximum temperatures for the two different methods 
of heat supply - uniform gamma heating vs. one sided wire heating (uniform heat source 
with insulated bottom vs. heat flux at the bottom with no heat source inside the slab) - 
differ by about 1% only. 
In Case 4d with heat flux at the bottom boundary correspond to the wire heating of the 
SCGT, which according to these results should produce 1% higher signal voltage than 
estimated by Talukder (4 ). This indicates that the SCGT under wire heating should 
produce only .3% ( as opposed to 1.3%) lower voltage than gamma heating (unifonn heat 
source and insulation on top, right and bottom) at the same rate. These results will 
enhance interest in the SCGT as a new type of power monitor in nuclear reactors. 
X/L 
Fig. 7 Isothermal Lines for a square slab (W=L). Uniform heat source distribution. 




Fig. 8 Isothermal lines for a rectangular slab with W/L = 1/2, uniform 
heat source distribution, insulation on three sides. Boundary 
conditions are illustrated above the temperature field. 
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Fig. 9 Isothermal lines for a rectangular slab with W/L = 1/2, insulation 
at the top and the right side, uniform heat flux into the bottom 





Fig. 10 Isothermal Lines for a rectangular slab with W/L = 1/4, uniform heat 
source distribution, insulation on three sides. Boundary conditions are 
illustrated above the temperature field. 
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Fig. 11 Isothermal lines for a rectangular slab with W/L = 1/4, insulation 
at the top and the right side, uniform heat flux into the bottom 
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Fig. 12 Isothermal lines for a rectangular slab with W/L = 1/4, insulation 
at the top and the right side, uniform heat flux into the bottom 
boundary and non-uniform heat flux out of the leftboundary 
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X/L 
Fig. 13 Isothermal Lines for a rectangular slab with W/L = 1/8, uniform 
heat source distribution, insulation on three sides. Uniform heat flux at the 
left boundary (as illustrated above the temperature field) 
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0 2 83 34 35 34 0 7 0 8 i 
X/L 
Fig. 14 Isothermal Lines for a rectangular slab with W/L = 1/8, uniform 
heat source distribution, insulation on three sides. Non-uniform heat 
flux at the left boundary (as illustrated above the temperature field). 
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Fig. 15 Isothermal lines for a rectangular slab with W/L = 1/8, insulation 
at the top and the right side, uniform heat flux into the bottom 
boundary and out of the left boundary (as illustrated above the 
temperature field). 
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Fig. 16 Isothermal lines for a rectangular slab with W/L = 1/8, insulation 
at the top and the right side, uniform heat flux into the bottom 
boundary and non-uniform heat flux at the left boundary. 
1 able 4. Axial Variation of Mean Temperature (normalized) 
X/L 0 79 0.136 0 15 0.184 0 286 0 318 0 35 0.395 0 5 0 55 0 605 0 682 0711 0 75 0 816 0 863 
PARABOLIC 0 152 0.254 0 278 0 334 0 495 0.535 0.578 0 634 0 75 0 798 0 844 0 899 0 916 0 938 0 966 0 981 
L/W=2 0.262 0 543 0 751 0 904 0 986 
LAV=4 0.153 0.336 0 497 0 633 0 751 0 846 0 917 0 967 
U2=8 0.278 0.579 0 799 0937 
o 
Table 5. Maximum Normalized Temperature (right lower corner) 
LAV 2 4 8 
^mu 1.17 1 04 1.01 
CHAPTER 5 
SUMMARY 
[n this work steady-state temperature distribution in solid objects of different length 
to width ratios were determined under different boundary conditions, using numerical 
methods. Normalized temperatures are presented for all the examples considered. 
First one-dimensional heat conduction in a uniform bar with uniformly distributed 
internal heat source was considered for which the exact solution is known (parabolic). 
Using a general numerical scheme, it was shown that the accuracy of the numerical 
solution is improved when the number of grid points is increased. 
Next, two-dimensional heat conduction in a square plate with uniform heat source 
distribution and constant uniform boundary temperatures was dealt with using a program 
developed by S. Patankar (3). The results shown symmetrical isotherms as expected. 
Finally, temperature distributions in rectangular slabs of width-to-length ratios 1:2, 1:4 
and 1:8 were determined using a modified version of S. Patankar's program. The 
different cases considered can be divided into two categories representing the heating 
conditions of an SCGT used in a nuclear reactor power monitor. In the first category, 
three sides of the slab are insulated and there is uniform heat source distribution in the 
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slab. In the second category, only two sides (top and right) are insulated and there is 
uniform heat flux through the bottom. In both categories heat flows out at the left side 
boundary. The results presented as normalized isotherms show several interesting feature 
and confirm the assumptions made by Talukder (4) in analytic approach. 
APPENDIX 
Flow Diagram 
Figure 17. shows the flow diagram of the computer program. It indicates all the 
subprograms and their interrelations. Only the important "calls" are shown; double 
arrows imply that multiple calls are made to the particular subroutine. The subprograms 
enclosed within the dashed box constitute the invariant part. The subroutine ADAPT is 
meant for the problem-dependent details. 
The subprograms such as DEFRD and ADAPT are actually assemblies of a 
number of member subroutines, whose names are shown in the appropriate boxes in 
Figure 17. These assemblies are created by using the ENTRY statement in a novel 
manner. In such an assembly, all the member subroutines start with an ENTRY 
statement and can be used, for all practical purposes, as independent subroutines. The 
assemblies are themselves never "called" by their names; only the member routines are 
called. Thus, the statement CALL ADAPT is never used in the program; but CALL 
BEGIN provides access to the appropriate member of ADAPT. Except VALUES, no 




The expedient of using the ENTRY statement to stack a number of member 
subroutines in one nominal subprogram reduces the repetition of COMMON statements, 
enables the member routines to share variable without passing them through COMMON, 
and keeps the related physical information or mathematical operations together. 
Subprograms in the Invariant Part 
The MAIN subprogram controls the sequence of important operations by calling a 
number of subroutines as shown in Figure 17. Some routines are called only once; these 
calls constitute the getting-ready phase of the computation. The remaining operations are 
arranged in a loop; each pass through the loop represents one iteration for a steady 
problem or one time step for an unsteady problem. 
In the subroutine DEFL, we assign the "default values" to a number of important 
variables. It will be helpful for you to know these default values well. Then, while 
specifying the details of a given problem, we need not assign values to certain parameters 
if their default values are acceptable. For example, if your problem does not involve 
internal heat generation, you need not specify the value of the source term; it will remain 
zero by default. 
The subroutine READY is designed for the calculation of numerous geometrical 
quantities that are frequently needed in the rest of the program. HEART is the most 
important subroutine; it prepares the numerical counterparts of the general differential 
equation given qx = -krç . To obtain the numerical solution, we need to solve a set of 
simultaneous algebraic equations; this is accomplished in SOLVE. 
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The subprogram TOOLS is actually not an essential part of the computer 
program. It is, however, provided as an aid in designing the adaptation part of the 
program. The member routines, namely EZGRID, ZGRID, and PRINT, incorporate 
some commonly required operations. These utilities are expected to be called from the 
adaptation part if and when the need for them arises. The subprogram VALUES 
performs a similar utility function. It enables us to assign values to a number of variables 
in a concise manner. 
Since we would not normally make any changes in the invariant part of the 
program, it would be a good idea to compile this part once and simply use the compiled 
version in all the applications of CONDUCT. 
Subprograms in the Adaptation Part 
The subprogram ADAPT contains four member subroutines; they are : GRID, BEGIN, 
OUTPUT, and PHI. Of these, GRID and BEGIN are called only once and provide 
grid-related geometrical information and initial values respectively. OUTPUT is called 
once per iteration. The required printout is specified in OUTPUT. 
PHI is the most frequently called part ADAPT; it is also the most important 
member subroutine. In each iteration, it is called several times --once for each dependent 
variable. Its primary function is to specify the appropriate information about X, T, and S 
in = ^(rg) + S for each <t>; also, some boundary condition details for each O are 
given in PHI. [3] 
This brief overview of CONDUCT should provide the necessary working 
operation of this program. 
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"invariant" pan 
Figure 17. Flow diagram of the computer program 
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